Abstract. An offer in a fuzzy negotiation model is rejected or accepted by acceptability based on fuzzy set theory and membership functions. Since different issues have different effect on negotiators, the combined concession in the multi-issue negotiation for negotiators and negotiation agents and genetic learning mechanism are adopted to update their beliefs about incomplete information. The fuzzy negotiation model with genetic algorithms is more practical than the traditional negotiation model.
Introduction
Automatic negotiation and transaction on the internet is becoming more popular with the development of computer technology and e-commerce, and more and more people accept it as a new way of doing business. The negotiation and transaction on the internet can save a lot of human resources and material resources than the traditional negotiation and transaction. Especially automatic negotiation, which does not need a fixed place to negotiate with many participators [1] [2] , can reduce side effect of the traditional negotiation and transaction.
The task of negotiation can be delegated to a software agent [3] [4] in order to save users' time on activities which are either routine or demanding in e-commerce [5] . Some experts predict that there will be paradigm shift in e-commerce due to the emergence of agent [6] , and many people are focusing on agent in recent years. [7] There are bilateral and multi-lateral negotiations according to the number of negotiators; there are single issue and multi-issue negotiations according to the number of issues concerned in negotiations. Here we focus on the bilateral multiissue negotiation, because it is more difficult than bilateral single issue negotiation and it is a basic tool for multi-lateral multi-issue negotiation.
But due to complexity of e-commerce negotiation's and negotiation's processing is difficult to control, common negotiation model is difficult to be implemented. There are many works on theory of automatic negotiation of ecommerce [8] [9] , but there are few works on programming of automatic negotiation of e-commerce to apply in real e-commerce negotiation. [10] [11]Many people are developing multi-agent system by genetic algorithms [1] [3] [5] , but few are applying in automatic negotiation as a learning mechanism.
TOPSIS [12] [ 13] (Technique for Order Preference by Similarity to Ideal Solution) is a classical multiple criteria decision making (MCDM) method. The negotiators can either accept or reject the offers depending on their utility [6] [7] . If the negotiator's utility is higher than a specified value, he may accept the offer. If his utility is lower than the specified value, he may reject the offer. But there are many uncertain factors in negotiation. First, negotiators' preferences (or weights) are uncertain and dynamic. It is difficult to get exactly negotiators' preferences. Secondly, the evaluation of the solution is uncertain, which makes utility functions inaccurate. [14] So people always do not accept or refuse the offers definitely but at a certain degree in the business transaction. Considering these uncertain factors, we should measure the degree of acceptance or rejection of the negotiators for the offer by fuzzy numbers [13] . Therefore we evaluate the acceptability by membership function based on the fuzzy set theory [15] [16] .
There are various learning mechanisms in automatic negotiations such as Bayesian learning, case based reasoning and genetic algorithms [3] . Genetic algorithms [1] are useful for optimization and Rubenstein Montano and Malaga [17] states a genetic algorithms negotiation mechanism for searching optimal solutions for multiparty multi-objective negotiations. Genetic algorithms based on negotiation agents were used in the dynamic concession of bi-lateral negotiation [18] . Genetic algorithms are inspired by natural evolution, i.e. selection, reproduction, crossover and mutation. The basic principles of selection are means to select an optimal from initial populations of feasible solutions for a fitness function. Genetic algorithms for negotiation denote a set of feasible offers of the negotiation agent as a population of chromosomes. The fitness of a chromosome or a feasible offer is evaluated through the fitness function.
First, we provide a fuzzy negotiation model of e-commerce, which we state in our paper [19] . Secondly, we give a better fuzzy negotiation with genetic learning mechanism. Thirdly, we simulate the fuzzy negotiation model by genetic algorithms.
A Fuzzy Negotiation Model of E-commerce with Genetic Algorithms
Here we adopt the monotonic concession protocols as our negotiation protocols. [20] Agents start by assigning certain initial solutions from the feasible solution space to the negotiation variables [21] . An agreement is reached if one agent matches (or exceeds) what the other one asked for; otherwise the negotiation proceeds to the next step. The negotiation continues to another round if neither agent matches or exceeds the other's expectation. An agent is not allowed to offer the other agent lower prices than it did in the previous round, and it means that the agent has to increase at least one issue at one time as a counteroffer. If neither agent concedes at a certain step, then the negotiation ends with either an agreement or a deadlock. [22] [23] The advantage of the negotiation using the monotonic concession protocols is that it is similar to the real negotiation process, and it guarantees rapid convergence or stops the negotiation promptly when it is not convergent. Here we set a critical value to decide if an offer is acceptable to the negotiator, i.e. the acceptability of the negotiator.
The offer from one agent is a vector , where a>0, b>0, a is the negotiator's most acceptable price, which can be its initial offer, and b is the negotiator's sensitivity for price.
When b's value is smaller, the sensitivity is smaller. The negotiator's acceptability is less sensitive to the price with smaller b's value when price varies in a bounded area; and vice versa. Suppose membership functions of the buyer and the seller both are normal distribution for convenience, and the left side is for the buyer and the right side is for the seller.
We set a critical value . When both negotiators' acceptability for the agent's offer exceeds or equals the critical value, the negotiation ends with a solution; otherwise the negotiator will exit the negotiation without a solution. We can set a critical value for the offer too. When the acceptability of both negotiators reaches the critical value, the negotiation can make an agreement.
Genetic algorithms are inspired by natural evolution, i.e. selection, reproduction, crossover and mutation. The basic principles of selection are means to select an optimal from initial populations of feasible solutions for a fitness function. Genetic algorithms for negotiation denote a set of feasible offers of the negotiation agent as a population of chromosomes. The fitness of a chromosome or a feasible offer is evaluated through the fitness function, and it is a combination of both seller's and buyer's acceptability. The fittest chromosome is a tentative solution for next round negotiation or a new offer.
The fitness function is a combination of both seller's and buyer's acceptability, the negotiation ends when both negotiators' acceptability reaches their target values rather than setting the iterative times. The genetic algorithms are as follows and flow chart of genetic algorithms is shown in Figure 1 . choose an initial populationdetermine the fitness of each individualperform selection repeat perform crossover perform mutation determine the fitness of each individual perform selection until some stopping criterion applies.
Fig 1 Flow chart of genetic algorithms

An Example
In the e-commerce, the buyer and the seller always negotiate about goods or service. Here we give a simple example to demonstrate the process of negotiation.
Suppose both the buyer and seller negotiate about four issues of goods, i.e. price, quality, transportation and service. Suppose the price for goods ranges from ¥10 to ¥14 per item, and the quality, transport and service are rated into 5 levels in Table 1 Negotiation issues. When acceptability of both buyer and seller for counteroffer exceeds =0.6, the offer is an acceptable offer. Suppose the sensitivity of both buyer and seller for time is the same and if one negotiator does not accept the counteroffer, he will reduce the acceptability for his own offer by 10%. Suppose the initial offer of buyer is (10, 4, 4, 4) and the initial offer of seller is (14, 0,0,0) .
In the end, we can get the offer 12,2,2,3 as a solution. The membership functions of buyer and seller for the offer both reach 0.6. The buyer's acceptability is 0.6*0.641+0. (12,2,2,3) . We know the fuzzy negotiation model is similar to the practical negotiation and the process of negotiation is similar too.
Genetic Algorithms Parameters
There are four issues to negotiate in the example, so we take four sections of genes to represent four items price, quality, transportation and service, their codes are shown in Figure 2 . The difference between maxima and minima for each issue equals 4, at least three bits are needed in binary code for each issue, so the coding length for four issues is 12. Suppose the population size is 20, probability of crossover is 0.95 and probability of mutation is 0.05.
Fig 2 Binary code of negotiation
The initial offer or the first generation population of chromosomes is generated randomly, so simulations of negotiation process will change randomly. The final negotiation round of one simulation may differ from that of another simulation greatly, but the final offers of buyer agent and seller agent, and the acceptability of buyer agent and seller agent vary a little when buyer agent and seller agent reach an agreement, if we suppose that the ending condition for negotiation is both negotiators' acceptability reaches their target values. The final negotiation round of simulations may vary a little, but the final offers of buyer agent and seller agent, and the acceptability of buyer agent and seller agent in one simulation may differ from that in another simulation greatly, if we set the iterative times. The simulation result transportatio ser i qua lit pric with target acceptability value is better than that with preset iterative times, and it is more practical.
The fitness function is a combination of both seller's and buyer's acceptability, the negotiation ends when both negotiators' acceptability reaches their target values rather than setting the iterative times. The fitness function can take various forms, and the fitness function of simulations is seller's acceptability multiplied by buyer's acceptability.
Simulation
The initial offers or the first generation population of chromosomes are generated randomly, so one simulation with the same preset acceptability may differ from another simulation greatly in iterative times, but final offers of buyer agent and seller agent and final acceptability of buyer agent and seller agent will vary within preset errors when they reach an agreement, because the ending condition of negotiation process is both negotiators' acceptability reaches their target values. The negotiation result is insensitive to the selection of first generation population and it is an advantage of genetic algorithms. One simulation output of negotiation is shown in Figure 3 , the negotiation ends in 107 round. The final offer is (12.857, 4.0, 4.0, 2.286), seller agent's acceptability is 0.6256 and buyer agent's acceptability of buyer is 0.6144. From the simulation result, both negotiators are satisfied with the final result, and genetic algorithms are practical learning mechanism in bilateral negotiations.
Fig 3 Output of genetic algorithms
Conclusions
In traditional E-commerce negotiation, both negotiators always accept or reject an offer by a specified value. We give the fuzzy negotiation model based on genetic learning mechanism and evaluate the acceptability based on fuzzy set theory and membership functions so that the automatic negotiation is similar to the practical situation of negotiation. We adopt the monotonic concession protocol as our negotiation protocol and state the combined concession in the multi-issues negotiation for the negotiators and adopt genetic learning mechanism so that its negotiation outcome is more exact. This protocol is simple, so it is easy to implement automatically. The example shows the fuzzy negotiation model is reasonable and feasible and it is similar to the real negotiation process. The fuzzy negotiation model used here is the normal distribution. Other more complex distribution need further study. We hope that fuzzy multi-issue negotiation model of e-commerce can be applied in real business transaction.
